Introduction {#S1}
============

Coronary artery bypass grafting (CABG) is one of the most commonly performed cardiac surgical procedures worldwide and remains a treatment of choice for multivessel coronary artery disease \[[@ref1]\]. The standard surgical approach consists in anastomosing the left internal thoracic artery to the left anterior descending coronary artery and using the saphenous vein to bypass the remaining coronary vessels. The internal thoracic artery has superior long-term patency to saphenous vein grafts when used as a conduit in coronary artery bypass surgery \[[@ref2], [@ref3]\]. Several reports suggest that using both internal thoracic arteries (bilateral internal thoracic artery -- BITA) for grafting is associated with better long-term outcome in comparison to the use of one thoracic artery (single internal thoracic artery -- SITA) \[[@ref4], [@ref5]\]. Even though the recently published 10-year outcomes of the large, multicenter, randomized Arterial Revascularization Trial (ART) did not show any differences between SITA and BITA approaches with regard to hard endpoints, there might be a benefit in quality of life (QoL) in the BITA population \[[@ref1]\].

Aim {#S2}
===

In this study we compared the long-term QoL of SITA and BITA patients. Additionally, we identified pre- and postoperative factors that might determine QoL.

Material and methods {#S3}
====================

Study group {#S3_1}
-----------

This study recruited 300 patients with multivessel coronary artery disease who underwent CABG from January 2005 to October 2010 in the Cardiac Surgery Department in Katowice. The first group included 150 (50%) patients who received BITA. The second group also consisted of 150 patients with SITA. Patients were assigned to groups using a random number generator. Included patients were interviewed by telephone. Those with whom telephone contact could not be established were excluded from the study. They were replaced by new patients using a random number generator until an equal number of patients in both groups was reached.

Evaluation of quality of life {#S3_2}
-----------------------------

Subjective QoL was measured using a Likert scale. Patients were asked: "What is your current quality of life compared to the preoperative period?" and subsequently they were prompted to choose one of the following options: marked deterioration, deterioration, no change, improvement or marked improvement.

Objective QoL was assessed using the WHOQOL-BREF questionnaire. WHOQOL-BREF asks how the patient feels about QoL, health and other areas of the patient's life. This questionnaire includes all emotional, social, physical and environmental aspects of the individual's life. It consists of 26 questions from four domains: somatic, psychological, social and environmental. To each question the patient can choose one answer. The answers are ordered from the worst (one point) to the best possible (five points). The points are added up in each domain and converted for transformed scores according to the instructions for the questionnaire. Our project obtained permission of the World Health Organization to use the questionnaire for this purpose.

Perioperative data were collected from hospital records. On interview patients were asked additionally about any cardiac events, repeat revascularization, severity of angina symptoms, and others.

Statistical analysis {#S3_3}
--------------------

Obtained results were analyzed using the IBM SPSS Statistics Version 22 software. Follow-up data obtained from patients were compared between patients with BITA vs. SITA. Descriptive analyses were performed as estimation of frequencies, mean values and standard deviations (quantitative variables) and as percentages (qualitative variables). The *t*-test and Mann-Whitney test depending on normal distribution were used to compare quantitative variables. To compare qualitative variables, we used the c^2^ test or Fisher's test. Statistical significance (*p* \< 0.05) was verified by means of appropriate tests. For demonstrating the correlation between QoL and variables Spearman correlations were used.

Results {#S4}
=======

Perioperative data of patients are shown in [Table I](#T1){ref-type="table"} and results obtained from telephone interview in [Table II](#T2){ref-type="table"}. Telephone interviews were held approximately 10 years after CABG but this time was shorter in the SITA group (3492.1 vs. 3643.4 days, *p* \< 0.001). Mean duration of observation in both groups was 3568 ±409 days.

###### 

Baseline characteristic in the time of operation

  Variable              BITA          SITA         *P*-value    
  --------------------- ------------- ------------ ------------ ----------
  Number of patients    150           150                       
  Age \[years\]         57.5 ±8.7     59.4 ±8.7    0.05         
  Male gender           128 (85.3%)   117 (78%)    0.14         
  BMI \[kg/m^2^\]       27.7 ±3.3     27.9 ±4.1    0.74         
  Obesity               31 (20.7%)    43 (28.7%)   0.11         
  Diabetes              27 (18%)      35 (23.3%)   0.32         
  Hypertension          136 (90.7%)   142 (95%)    0.39         
  LVEF (%)              51.5 ±8.7     52.2 ±9.3    0.45         
  Nicotine dependency   24 (16.1%)    30 (20%)     0.27         
  NYHA:                                                         
                        1             87 (58%)     93 (62%)     0.24
                        2             58 (38.7%)   46 (30.7%)   
                        3             5 (3.3%)     10 (6.7%)    
                        4             0            1 (0.7%)     
  CCS:                                                          
                        0             0            2 (1.3%)     \< 0.001
                        1             38 (25.3%)   23 (15.3%)   
                        2             78 (52%)     62 (41.3%)   
                        3             33 (22%)     47 (31.3%)   
                        4             1 (0.7%)     16 (10.7%)   

Data are presented as mean with standard deviation or *n* with percent. BITA -- bilateral internal thoracic artery, SITA -- single internal thoracic artery, BMI -- body mass index, LVEF -- left ventricular ejection fraction, NYHA -- New York Heart Association, CCS -- Canadian Cardiovascular Society.

###### 

Data of patients obtained during telephone interview

  Variable                    BITA (*n* = 150)   SITA (*n* = 150)   *P*-value     
  --------------------------- ------------------ ------------------ ------------- -------
  Age \[years\]               67.5 ±9            69 ±8.7            0.14          
  BMI \[kg/m^2^\]             26.8 ±4.1          27.8 ±3.7          0.02          
  Observation \[days\]        3643.4 ±420.1      3492.1 ±384.2      \< 0.001      
  Repeat revascularization:                                                       
                              PCI                31 (20.7%)         39 (26%)      0.34
  CABG                        2 (1.3%)           1 (0.7%)           \> 0.99       
  Myocardial infarction       3 (2%)             9 (6%)             0.14          
  Diabetes                    55 (36.7%)         55 (36.7%)         \> 0.99       
  Hypertension                115 (76.5%)        140 (93.3%)        \< 0.001      
  Nicotine dependency         24 (16.1%)         30 (20%)           0.45          
  Living alone                32 (21.3%)         24 (16%)           0.30          
  Working patient             31 (20.7%)         18 (12%)           0.06          
  NYHA:                                                                           
                              1                  105 (70%)          87 (58%)      0.14
  2                           37 (24.7%)         49 (32.7%)                       
  3                           8 (5.3%)           13 (8.7%)                        
  4                           0                  1 (0.7%)                         
  CCS:                                                                            
                              0                  126 (84%)          109 (72.7%)   0.006
  1                           11 (7.3%)          5 (3.3%)                         
  2                           8 (5.3%)           23 (15.3%)                       
  3                           5 (3.3%)           12 (8%)                          
  4                           0                  1 (0.7%)                         

Data are presented as mean with standard deviation or *n* with percent. BITA -- bilateral internal thoracic artery, SITA -- single internal thoracic artery, BMI -- body mass index, PCI -- percutaneous coronary intervention, CABG -- coronary artery bypass grafting, NYHA -- New York Heart Association, CCS -- Canadian Cardiovascular Society.

Our study showed significant difference in angina symptoms measured by the Canadian Cardiovascular Society (CCS) scale in patients before and after CABG. In the BITA group 84% of patients did not complain of angina after surgery in comparison to 72.7% in the SITA group (*p* = 0.006).

QoL compared with the preoperative period based on the Likert scale revealed superiority of BITA compared with SITA -- [Table III](#T3){ref-type="table"}. BITA patients reported marked improvement and improvement more often than SITA patients (58% vs. 43.3%, *p* = 0.02). Marked deterioration was noted by 2% of BITA patients and 3.3% of SITA patients (*p* = 0.03). Summarized results of the WHOQOL-BREF Questionnaire also show significantly better QoL in the BITA group (median: 15.0) vs. the SITA group (median: 14.75) (*p* = 0.02) -- [Figure 1](#F1){ref-type="fig"}. Among four domains of the WHOQOL-BREF Questionnaire BITA patients had significantly better QoL in two domains: environmental (*p* = 0.002) and social (*p* = 0.03). In psychological and somatic domains the differences between the groups were not significant (*p* = 0.07 and *p* = 0.10 respectively). All four domains are presented in [Table IV](#T4){ref-type="table"} and in [Figure 2](#F2){ref-type="fig"}.

###### 

Quality of life by Likert scale

  Quality of life        BITA (*n* = 150)   SITA (*n* = 150)   *P*-value
  ---------------------- ------------------ ------------------ -----------
  Marked deterioration   3 (2%)             5 (3.3%)           0.03
  Deterioration          16 (10.7%)         27 (18%)           
  No change              44 (29.3%)         53 (35.3%)         
  Improvement            61 (40.7%)         54 (36%)           
  Marked improvement     26 (17.3%)         11 (7.3%)          

Data are presented as *n* with percent. BITA -- bilateral internal thoracic artery, SITA -- single internal thoracic artery.

###### 

Quality of life by WHOQOL-BREF Questionnaire

  Domain          BITA (*n* = 150)   SITA (*n* = 150)   *P*-value
  --------------- ------------------ ------------------ -----------
  Somatic         14.4 ±2.1          13.9 ±2.5          0.101
  Psychological   15.5 ±2            15 ±2.1            0.068
  Social          15.3 ±2.2          14.6 ±2.3          0.026
  Environmental   15.6 ±1.8          14.8 ±2.1          0.002

Data are presented as mean with standard deviation. BITA -- bilateral internal thoracic artery, SITA -- single internal thoracic artery.

![Summary result of WHOQOL-BREF questionnaire in the group with single internal thoracic artery vs. bilateral internal thoracic artery group](KITP-17-40277-g001){#F1}

![Quality of life (QoL) in four domains of WHOQOL-BREF questionnaire](KITP-17-40277-g002){#F2}

In both groups more than 20% of patients required percutaneous coronary intervention (PCI) in the postoperative period (20.7% vs. 26%, *p* = 0.34) -- [Table II](#T2){ref-type="table"}. Two percent of patients with bilateral thoracic grafts suffered from myocardial infarction during 10-year observation compared with 6% of SITA patients (*p* = 0.14). Redo CABG was performed in 2 (1.3%) BITA patients and 1 (0.7%) SITA patient (*p* = 0.56).

QoL did not correlate with patients' BMI (*p* = 0.10) or residence status (*p* = 0.51). However, there was a weak negative correlation (*r* = --0.14, *p* = 0.01) between QoL and the patients' age ([Figure 3](#F3){ref-type="fig"}). Social and environmental domains correlated with patients' age (somatic: *r* = --0.137, *p* = 0.02, environmental: *r* = --0.17, *p* = 0.003). Along with increasing symptoms of heart failure measured by New York Heart Association class (NYHA) there was a correlation with QoL (*r* = --0.27, *p* \< 0.001). NYHA class mostly affected somatic and psychological domains (*r* = --0.291, *p* \< 0.001 and *r* = --0.217, *p* \< 0.001). We found that the severity of angina assessed with the CCS scale had the most important impact on QoL (*r* = --0.344, *p* \< 0.001, [Figure 4](#F4){ref-type="fig"}) especially in the somatic domain (*r* = --0.36, *p* \< 0.001). Our study shows that working patients have better QoL than retired patients (*p* = 0.005). The most important difference was found in the somatic domain (median: 15.0 vs. 14.0, *p* \< 0.001).

![Impact of patients' age on quality of life](KITP-17-40277-g003){#F3}
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Discussion {#S5}
==========

The aim of our study was to define the QoL of patients with BITA grafts compared with SITA. Previous studies showed that the internal thoracic artery has better long-term patency than the saphenous vein used as a graft in CABG \[[@ref2], [@ref3], [@ref6], [@ref7]\]. Internal thoracic artery (ITA) graft has a 10-year rate of angiographic patency exceeding 90%, as compared with 50% for vein grafts \[[@ref7]\]. Therefore, one can expect better long-term outcomes when both ITA are used for CABG. BITA grafting is technically more challenging and time consuming because both mammary arteries must be harvested sequentially \[[@ref8]\]. We have evaluated the QoL of patients as an indirect determinant of graft performance. Other determinants include frequency of repeat revascularization, incidents of myocardial infarction and severity of angina measured by CCS classification. Based on this reliable assessment tool, in this study we established that QoL can be a marker of therapeutic effectiveness.

In this study BITA patients were a little younger than SITA patients but the follow-up period is longer in the BITA group. In the BITA group patients reported better QoL compared to SITA. Apart from better QoL in BITA patients we observed better postoperative outcomes in this group, as more BITA patients were angina free compared to SITA patients. However, the frequency of myocardial infarction incidents and the need for PCI were similar in both groups. It is important that ultimately there were more angina-free patients in the BITA group, as it was demonstrated in previous research that frequency of angina attacks is a major factor influencing QoL \[[@ref9], [@ref10]\]. Comparison of both groups at long-term follow-up led us to the conclusion that BITA has an advantage over SITA.

Many studies have shown a positive impact of CABG on QoL in short-, mid- or long-term follow-up \[[@ref10]--[@ref15]\]. Our results strengthen this notion by demonstrating that the use of both ITA adds to the improvement of QoL. Hokkanen *et al*. \[[@ref14]\] observed improved QoL 12 years after CABG compared with preoperative values despite progressing deterioration. In their study improvement of QoL measured by the RAND-36 questionnaire was seen in all dimensions but at 12-year follow-up was smaller than one year after surgery \[[@ref14]\]. Rumsfeld *et al*. \[[@ref15]\] confirmed improvement of QoL after revascularization by CABG and PCI. They compared 6-month health-related QoL after CABG vs. PCI but did not find any differences \[[@ref15]\]. We believe that at long-term follow-up using both ITA has an advantage over the CABG using one ITA and particularly over PCI. In a Polish study published by Krzych *et al*. better QoL after minimally invasive totally endoscopic atraumatic coronary artery bypass grafting (EACAB) was proven \[[@ref10]\]. The authors noted that patient's age has no impact on QoL. In our study we observed deterioration in QoL in elderly patients similarly to other investigations \[[@ref14]\].

In the ART study there were no significant differences between BITA and SITA groups with regard to the rate of death from any cause, myocardial infarction or repeat revascularizations \[[@ref1]\]. This could be caused by the short follow-up period. Similar early outcomes after BITA and SITA grafting were also reported by Walkes *et al*. \[[@ref16]\]. Benefit of using arterial grafts is usually revealed at long-term follow-up. For that reason QoL can be one of the first determinants of conduit patency.

There is a scarcity of studies comparing QoL after CABG in patients who received BITA vs. SITA. Kurlansky *et al*. \[[@ref17]\] analyzed QoL of patients who received BITA. They compared the outcome of men and women and found no differences in relation to gender \[[@ref17]\]. Similarly, we did not find any correlation between QoL and gender (*p* = 0.35).

Our study shows that retired patients have worse QoL compared to working patients. On one hand better conduit patency can influence their health and improve the ability to work but on the other hand working patients were significantly younger than retired ones (60 vs. 69.8 years, *p* \< 0.001).

Apart from better QoL in BITA patients we showed better postoperative outcomes in this group. More BITA patients were angina free compared to SITA patients. Necessity of repeat revascularization was similar in both groups. We recorded a relatively high rate of repeat revascularizations in both study groups -- 20.7% and 26% within 10 years in BITA and SITA groups respectively. These values are relatively high in comparison to the results of the ART study where the repeat revascularization rate of 10% at 10-year follow-up was noted. However, there are studies reporting significantly higher repeat revascularization rates. In the study by Marui *et al*. within 5 years after CABG 14% of patients had repeat revascularizations \[[@ref18]\]. In another study there were 14.3% repeat revascularizations during 5-year follow-up after previous CABG \[[@ref19]\].

We find our results somewhat disappointing. We expected a clearer difference in favor of the BITA group. We thought that the difference would be more expressed in somatic and psychological domains, which should better reflect cardiac patients' outcomes.

There were some limitations of this study. Firstly, most of the data were collected retrospectively from patients. We did our best to collect data as diligently as possible. Each patient was precisely informed about the study. Nevertheless, data collected from hospital records could have been more reliable than those obtained from patients. Secondly, for the full rating of QoL it seems justified to check the patient's QoL status prior to CABG. Our patients were not randomized. Although both groups were comparable in terms of clinical characteristics there is one more factor that could have had an impact on our results. Patients who are in better general condition, aware of their illness, are more likely to be assigned by the operating surgeon to CABG with BITA.

Conclusions {#S6}
===========

This study showed better QoL in the BITA group, especially when measured by the Likert scale. To obtain more conclusive results, a randomized study should be performed.
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